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Finel Bcientific Report Contract Fl9620~79-C-0089

ASPECTS OF VISUAL SEARCH ACTIVITY RELATED TO
ATTENTIONAL PROCESSES AND SKILL DEVELOFMENT

Y i oy

J I GOAL OF PERFORMED RESEARCH
We have in previous research noted a ﬁuﬁber of messures of oculomotor .

activity vhich varied consistently as & function of accumulated fatigue. ]
Such changes can be observed bHoth in laboratory-based experimental tasks and

in field situations. It is our impression that these alterations in oculo=- ﬂ

T T YAy e sy Ky T

motor setivity correspond to pariods of decreased adequady in task performance.
4 Our primary goal in the present resesrch has been to identify both mementary

and tonic chenges in slertness using cculomotor measures and tc relste the 3

t-indexed periods of sltered state to changes in performance.

e_movene
i : Intermediate goals included the selection and development of a tesk

3 suited to the experimental Question and evaluation of several l&torhativo

]
! measures of oculomotor funation. The task selected had to be one which ]

o imposed a ressonahle workload on the subject in order to develop a fatigue- 1

like condition within & relatively brief periocd. If had to allow freedom

of eye movement so that measures would be readily available. It was further f

desirable that the task provide & moment-to-moment measure of performance

sdequacy since our concern is with phasic as well as toenic alterations in

state and behavier.

II UENERAL INTRODUCTION .
A, Qeneral perspective

The coulomotor control system is exquisitely sensitive to fatigue

e AL i ! At T

T,

and attentional parameters. As & finely tuned mechanicel system, the oculo-
motor system is subject to disruption from resl or incipient breakdown of

cortical control. Such breskdown may be due to fatigus, boredom, lapses in

attention, or phymiological or pharmacological disruption of CNB functien, i
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As & highly coordinated system of information intake, the cculomotor system

reflects the efficiency of processing which is affected both by immediate

informetion processing demands and by the totel workload experienced by the

-

operator. The overall ccordination of various aspects of ocular activity

R St L

depends on the task, the capability of the individual performing the task,

and the current state (or capadity) of the individusl, As & primery channel

for information acquisition, the oculomotor system mirrors the attenticnal

and processing strategles of the operator. Eﬁi movement and blink reaponses

L aar L L SRR L B ML - T

serve on some occasions to block additicnal input and on other cccasions,

to facilitate input of specific information. k

el R e T TR

Flying an airplane is & visual tasky 1t involves making eritichl
% decisions based on visubl information. The eye, and the asmoclated oculo-

motor control, is the sensing system for taking in such informsation. It

BN ] 2 L

seems inherently cbvious then that it would be profitable to monitor ocular ]
% ' sotivity 4in an operational setting. Analysis and evaluation of this activity
allow inferences concerning the adoquacy of an operator's visusl search active

ity and about state dependent alterations in the sbility to input and process

visual information.

Since tho oculomotor system is sensitive to veriations in aleriness,

- T e
— AT

aye movement analysis can be used to index both momentary (phasic) snd tonic
changes in alertness and attention. Momentary changes have been identified 3

a8 performance "blocking" (Bills, 1937) and am performance "lapses" or pericds

of "micro-sieep" (©.g., Williams, 1967). Behavioral indicants of phasic )
drops in alertness include missed stimuli, occcasional failures to respond to :
cues, and episodic degradation in genoral performance. Tonie changes are

more analogous to the alterations labelled "fatigue", "boredom", or overload.

Behaviorally, these are indexed by elevated thresholds, increased response
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times, and perhaps most importantly, en increased likelihood of phesic drop-
outs,

Both adequacy of visual search in the alert pilot and change in the
state of alertness affect performance., Most past studies of ocular activity
have focused on eye position, and much progress has bearn made in accurately )
determining where the eye ia directed., Comparatively little effort has bean
devoted to studying the nature of the eye blink sid e moveﬁéntl, aspects of
vhich can tell us s great deal about changes of state whiuh'cfitioally influ-
ence performance. Eveh less work has been devoted to relating eyu movements
to adequacy of declsion-making and motor responses in complex task perform-
ance such as plloting an airplane or scanning & rader display. Because of
the intimate influence of state variastion on eye movement paramesters, it is
the later, relatively unexplored areas, which are most likely to yield useful
messures and predictive tools, A number of measures which have been shown
to be sensitive to time on teask and pharmecological manipulation are aveilable.
Some of these are reviewed below.

B. Parameters of blinks and

Much of our previous resesrch has invelved the use of eye movement
measures to investigate information processing strategies. Taska have ranged
from tightly controlled and circumscribed laboratory tasks, to reading snd
simulated automobile driving, as well as on-the-road driving and helicopter
piloting. Independent variadles have ranged from skill or training level to
pharmacologicel agents, such as alechol and minor tranquilizers. We have
become increasingly impressed with the effeats of cumulative time~on~task
and the subject's alertness level on eye movement measures. Our own experience
ond recent research by others suggeats several measucable eye movement parameters
vhich are informative about an individual's state of fatigue, alertness, or

attention. The specific utility of several of these is elaborated below,
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They include:
1, ©Ryeblink closure duration

:J 2, Eyeblink patterning (timing)

3+ Blink~associrted saccades

e g

- 4, Pixation duration
; 5. Baccade amplitude, velocity, and their interrelationship

e

b Eyeblink closure duretion

Much of the literature dealing with the evaluation of eyedlinks has

Loiad s 303

been ably reviewed and criticized by Hall and Cusack (1972). They point out

f - | that conclusions were often bemed on small sample size and on samples collected

under conditions in which the subject could not have been expected to be adapted

to the experinmental situation., In addition, results have often decn contradict=

ory., 3Based on large samples of blinks recorded from verious populations end

e =l T Bt R e e b it it

over saversl leboratory sessions, ve have developed & rsliable eyeblink

analysis system, Our approach %o blink evaluation leads to the abstraction

of several desoriptive parameters. One of these, blink alosure duration, is

e

sensitive to the variables of present interest. 3
-2

We have found that closure duration, the time the eye remains closed

is & crisp, rapid movement.. The eye bvegins to open os soon as full 1id elosure

q
} . during blinking, is sssociated with changes in alertness. The normal eyeblink ;
$ is achieved, Occasional blinks are markedly longer in duration, they have

longer closing and/or reopening times. A graphical comparison of theae two

g‘ 4‘ forms of blink is presented in Figure 1. %
. Early observationr (Kopriva, Horvath & Stern, 1971) indicated that thewe ‘
long closure duration blinks occcurred more often after subjecte had recovered
(elinically) from the effects of a short-scting barbiturate than following s i

control peried. These blinks were interspersed with other "normal" blinks,

ey
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| Figure 1, Scoring Eyeblinks., A typical blink (a), and long.closure duration blink :
P (b) taken from early and late in an -experimental session for the same subject are g
; shown in upper portion of the figure. The lowsr portion is a schematized blink !
] illustrating: c¢) amplitude, d) half amplitude, e) the smplitude defining the 20X i
{ - wvindow, f) half closure duration, and g) 20% window duraticnm. 5
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What varied as s function of condition wes not the form of the typical dblink,

but rather the fraquency of occurrence of atypical blihka. In subsequent

studies ve have demonstrated similer significant increases in the incidence

of long closure duration blinks for other CNS depresuants (e.g., alcohol) and
es & funation of time on task (e.g., 40 minutes of sutomobile swimulator

driving). The intoxicated subject (BAC 75 mgnf) demonstrated more long

closure durstions and s more rapid development of such "abnormal" bdlinks as &

function of time on task.
Our ocurrent procedure for detecting long closure duration blinks is

illustrated in Figure 1. Baslcally, it consists of establishing an amplitude

vindow defined as & proportion of total blink amplitude, The amount of time

that the amplitude exceads this window value is defined as the closure duration

for that window. In preliminary work using s reaction~time tesk, we observed,

consistent with previous results, cn increase in the incldence of long slosurs

duration blinks across a one-hour experimental session., Although this is true

regardless of the window eriterion size, the effeot is more striking for smell

vindows, i.e., those encompassing the time within 25% of maximal closure, Using

the 20¥ window, for example, we find that only sbout 1% to 12% of sll blinks

during the initial 5 minutes of tesk performance exceed an arbvitrarily estad-

lished cut-off criterion of 100 meec., Midway through the hour, 3% to 25% of

the blinka exceed the criterion. During the final five minutes of tosk per~

inoressed so that 2%-38% of all biinks satisfied this
Having found the incidence of long

formance, the range

eriterion for long closure duration,
closure duretion blinks associated with time on task and decline in alertness,

we suapect that the coocurrence of such blinka is assoclated with drop-outs in
performance~-not only on tasks demonatrating the processing of visual inform-

ation, but on other types of information processing tasks as well.
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There is presently no systematic data on changes in median closure

duration with décreuling slertness, Previous resesrch has focused on what

: ; . Hell and Cuseck call "blinking blmckout", the period during which tha viewer
| is presuzed to see nofhing. This period 1u'not synonymous with but inasludes
the time during which the eyes are alosed., Blinking blackout hes been entima%cd
by presenting visusl etimuli st various points during the blink and datermining

acouracy of perception. Informetion on the duration of such blackouts is

surprisingly sparse. The most recent published eatimete we could find (Volkman,

B e o i

{ Riggs, & Moore, 1960) is 200 msec. Our investigetions into the visual suppression

e e

aspociated with blinking suggest that this estimate is too high. The direct
assesament of blink suppression requires specinlized procedures scmevhat removed
from the tesks presumed to effect blinking duration. We have elected, therefors,

S to make the ussumption that the blinking perlod is direvtly related to ¢losure

duration and to measure median closure duration directly. Regardless of window

' size, the general effect of time-on-task and related state variables is toward
small increases in median duration., Although the differences are in the expected
direction, they are typloally so small and variable ss to faull to make any

significunt contridbution to totel tesk performance., For example, in many tasks,

-

3 } variation in 20% window duration from early to late in the session is detveen

? | ~2 and 15 meec, with o median increase of only 2 msec. ZEven with 50 blinks in ;
% ' a five-minute period the supprespion is equivalent to only .l se¢ of lost viewing ;

A . time.

. ; Of greater import to adequate processing in a visusl task than the time
‘? 1 lost to dlinking is eye closures which are not dlinks. After ocumulative expere
lence with deta reduction of lorge samples of blinks, we have concluded that
full clopure durations in excess of 150 msec do not represent blinking. Our

eomputerized abstraction procedures were, for that reuson, designed to sliminate

from analysies any closure nct followed within 150 msec by reopening. 8ince the
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viewer cannot input visusal information with hls eyes closed, these eye closures
reflect either inadvertent or self-imposed "time-out" from input. It is our
impression that the likelihocod of these aye closures increases with time on
task. They mey be associated with performance errors and missed stimuli,

especially in vigilance tasks. Our analysis routines have been revritten to’

allow the identificetion of such closures from eye movement recordings.
2. [Eyoblink pstterning (timing)

Previous attempts to index visual fatigue using the bHlink hava ;;
focused on blink rate, but interpretations of this measure are ambiguous, |
Luckiesh and Moss (1942) proposed blink rate as an adequate measure of visual
fatigue in reading and suggested its usefulness in other tasks, Their results
wvere, however, vigorously attacked. Carmichael and Dearbvorn (154T) reviewed
the use of dlink rete and concluded that it was a poor measure of visual
fatigue. In & comprehensive review, von Cranach et al. (1549) indicated that
blink rate is sensitive not only to arousal indiced by stressors and fear,
developing fetigue, and eimiler state varviables but also to variasbles, like
the occurrence of head movements and large amplitude saccades, vhich may ro-
flect task requirements aas :wall as state, Too many variables other than state
contribvute to blink rate for it to be an adequate measure of alertness in
visuel information processing. It may be, however, thet in relatively constant
tasks, vithin-subject variations in blink rete do reflect state variation.

There i& evidence, based on more refined measures, that blihking is in-
fluenced directly by attentional requirements of task performance. Boelhower
and Brunia (1977) studied electromyographic components of the blink recorded
vhile subjects were performing an suditory binary cholce decision task., They
identified two EMO components of the blink reflex, Amplitude of the sarly
component was enhanced during task performance reletive to rest while latency

of the late component wae increased during task performence relative to resi.
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Thetse results are importent to this discussion because they demonstrate that
blinking is not merely a reflex response, but is coordinated with sognivive
processing st some CNS level., Review of the blink rate literature and our
own observations have shown us that blink rate per se is not a sufftciently |

sensitive memsure of changes in alertncss, Measures, such as latency of blink

components used by Boelhower and Brunia (1977) allow oclear damonstration of a
reletionship between blinking and tabk performance relative to rest, but are
not always esiily related to components of task performance., Since the
measuremant of latency requires that responses be time-locked to triggering
stimul’, this type of measure is not easily sdapted to operational situations
in which much of task performance may be waiting and watching. We have con-
centrated on a measure which can bte used in operational settings: blink
timing with respect to components of task performance.

Blinis are generally not randomly distributed in time but rether oceur
most frequently at times of reduced information processing need, We have
obeerved that, during reading, there is a marked inhibition of blinking ss a
page of text is read. The degree of blink inhibition veries with the reader's
interest in the text. In sharp contrast, there is a marked flurry of blinks
as the reader turns from one page of text to the next., Ponder and Kennedy
(1972) have reported the same phenomenon, Blink patterning is not restricted
to reading., In both simulated and real sutomobile driving, we see an increase
in " linking during periods of low visuel information prooe;ling requirements.
For example, btlinking increeases while the subject site at an intersection
vaiting for the traffic light to change. 1In their investigation of the timing
of blinks, Poulton and Gregory (1952) end Gregory (1952) found that in dboth
visual and nonvisual taska, blinking was inhibited during the performance of
aifficult tesk components. Similarly, in a study of 79 sudbjects, ve found
marked blink inhibition during inteke of information processing necessary to

A
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} task completion as compared to a comparable rest period (Stern, Oster & Newport,

1980).

Those blinks which do oceur during task performance are often coordinated
with other task events. Oreupner (196L) reported that blinking occurs at ;
times least disturbing to overall task performance. In sutomobile driving,
blinks are often associated with the large saccades and head movements which 4
accompany change of gaze from road 0 rewr-view mirror and back. Similarly,

blinks often attend the return from instrument panel scanning. It is our

impression that for many subjects, this blink-tesk coordination begins to
break down as time on task increases.

| The above studies agrae that dlinks occur at moments opportune in

: terms of visual informetion processing requirements, Results indicate that

blinking, though generally thought of as a reflex response, is coordinated

,‘ with information processing load. This coordination is conducive 4o socurate
‘ task performance and is in that sense efficient. Tt 48 our impression that
the occurrence of blinks et opportune memente occurs prinéipally under condi.

tions in which the subject is wide awake, alert, and highly motivated; under

conditions of monotony, fatigue, etc., there is a breakdown of thie coordina~

. ['“-"""

tion between blinking and espects of visual informaetion processing and task
performance., We auspect thet the analysis of blink timing and patterning
within the task will provide important information about the efficilency
with which a subject is processing visual information and ﬁekins decisions 1

based on that informetion.

P

( 3. Blink-apsocisted soccades
i’ é Coordination between blinking and saccades would appear to minimize

the time during which vipual information proceasing is suppresged. The aye 4

can be pooitioned prior to the blink so as to minimize blink closure duration.
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wary

Further, during & blink the eye miy be repositioned to preclude the necessity

of additional saccades lmnedistely subsequent vo the blink. In alery,

vell-motivated subjects, there is often an associstion of blinks with ssccadic

; eyes movement,
We have observed, in operational as well as laboratory situations, that

PR
TR T e e o g

i
E
A

T S e,

many subjects demonstrate a specific pattarn of ocular activity preceding the

biink. A seaccadic eye movement shifted eye position to the lover quadrant of

jf the visusl field,
is inverisbly sccompanied by a partial closing of the eyelids,

position of partisl 1lid closure should teke less time to complete than one ¥
.
Since the viewor's vision is obscured 4

Shifting eye position to the lower area of the visual field
A blink from a P

started with the syes fully open.
during a mejor portion of the blink, reducing dlink duration redusces the

LS g i

time vieion is obascured.
During saceadic movement and the periods immedimtoly preceding and

T TV e o e
e T T o Toro o 21 o e rump g

——,

!
following & saccade, information sbstraction is compromised (Matin, 1974
Blinking also ip associated with a temporary dloock-

Btern & Banders, 1980),

ing of visuel itput. Meking a saccade during a blink 4is thus efficlent in

|
)
!
-
EN
}' that it reduces the totel time during which visual input is not possible.

T, T T A

Saccades in the horizental plane can be detected from electrooculographic rec-

orda ond wa have observed that they frequently do ocaur in conjunction with

Vertical ssccades are obscured by the larger signsl gensreated

Pt b it

4~ . an eysblink.
by the blink itself, The octurrence of eye repositioning in the vertical plane

can be inferred, however, by noting differences in eye position following a

N

_ dlink. During visuel search, eye position following a blink is consistently
different from sye position preceding s blink in both vertical end horitontal

Presumably the viewer positions the eye during the blink so that when
By obviating the

planes.
L
vision is restored he will bo looking at the target.

BB
' LI need for an additional saccade to reposition the eye after the blink, and the
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concomitant saccadic suppression, the time that vision 1s obscured is reduced.
The pattern of saccadic movement before and during the blink reduces the
time vision is obscured by reducing the time for blink execution, the period

of blink snd saccadic suppression, and the need for an asdditional saccade to

change eye position after the blink. In this sense it is efficient. It is our

impression that this efficient coupling of saccades and eyeblinks is affected
by variables associated with decrements in performance like time on task and ]
motivation, - 3
b, PFixetion duretion (micro-sleep) )
It 1s wall-documanted that fixation pause duration, i.e., the é

amount of time the ayes dwsll on & particular aspect of a visusl adisplay, is
a funetion of the task (Fisher, 197h; Gould, 1973). Moreover, moment-by-moment

analyses of eye movements reveal variation in the length of the fixation pause

related to cognitive processing, It is ressonable to assume that unusually A
long fixation durations reflect pericds of nonprocessing due to loss of g
3

slertness., Bpecifically, unduly long fixation pauses may reflect drop-ocuts in

performance. Buch long fixetion pauses could mean either that the viewer is

spending more time sampling a very restricted aspect of the visual display or

! gseeing. GSince the type of task will affect fixation duration, the duration

L e 1 it o A S .1

indicating staring or drop-outs in perférmence &5 opposed to detailed visual

analysis will vary from tesk to task. Our cumulative experience with fixation

pause durations recorded during reading indicates that fixation pausea in excees p
of LOO msec are indicative of uwtaring or nonreading (Under nonreading we would :
include task relevant behavior such as thinking about the text just read.).
In the driver simulator task, we have used 2 sec or greater as an indicant of
unusually long pause durations,

Heveral results have suggested that an unduly long fixation duration ie

indicative of decline in alertness and/or momentary lapses in attention,

o Iy
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We have found that the incidence of long durations increases with time on task

and wvith ingestion of CNS depressant drugs like alochol. Morecver, such lapses

§~ . ' do not occur at random during task performence. In reading, exceadingly long

E . fixation pauses ere usually the last pauso on & line of text or the first
pause on & line of text. lLong duration fixutions also ceaur at predicteble .
times in simulated helicopter flying. Specificelly, Stave (1977) found lapses
in performance to be significantly scorrelated (r = 0.87) with subjective ratings
of fatigue.
: i 5. Sacoade amplitude, vaeloai and their interrelationship.
3 i : Several parameters of sascades, the quick Jjumps of the sye to
change eye position, are senaitive to organismic states of alertneas. Ameng

these, saccade amplitude hano boen used as an indicant of changes in attention

to sspects of the environment. Cedar (1977) recorded eye movements during

’ simulated sutomobile driving and found that traffic flow conditions significe

! antly affected saccade umplitude. As driving otreas increased, the nunber of

large amplitude eye movements (greater than 9.5°) significantly decreased,

Time~on=task alsc influences the frequency of large amplitude ssccades. We

|
|
f
N (Troy, Chen & Btern, 1972) have domonstrated that in helicopter, pilots
% flying e relatively simple LS-minute mission there i o significant decrease

in large amplitude saccandes botween early and late portions of the flight.

" '~:’?__,“y.' Cat

We intorpreted thesa results ao suggesting that the pilot spends less time

4 ‘ looking for "targets of opportunity” (places to land in an emorgency, import-
ant aspects of terrain, etc.), as a function of time on task, Similar results s
E 1 vere obteined in the automobile simulator. The frequency of large amplitude
saccades decreased during a LO-minute driving task, Further, lov to moderate

doses of alochol inoreased the effect} the frequency of such saccades was

lower and the decrease more rapid under conditions of intoxioation.
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f Velocity of the saccadic movement has also been investigated in saveral

laboratories. We (Stern, Bremer & McClure, 19T4) as well as Gentles and

? Livallyn-Thomas (1971) and Aschoff (196L), have demonstrated significant
decrements in the poak velocity of large (10-20°) ssccades after ingestion

of minor tranquilizers (e.g., lidrium and valium), Recent data from our labora-
3 tory demonstrate that this phenomencn is not unique to lurge amplitude saccades
but occcurs in emaller amplitude saccades as well.

We have studied both sadcade amplitude and velocity and find a comdbination
| of the two measures to be most useful, The maximum velocity of eye rotation
during the execution of s saccade is dependent upon the diatance the eye has
| to travel, For saccades ranging from a 59 to 20° axoursion the relationship
i E between pouk velocity and saccede emplitude is essentially linear (Oster &

8tern, 1979). We have demoustrated that time-on-task and "atate of thu

! organism" have a significant effect on this relationship, We have consistently %
3

found, for e¢xample, that, as & function of time-on-task, the slope of the 1

regresaion line describing linear amplitude-velocity relationshlp decreases.

Data from one recent study illustrates the sennitivity of the saccade

adhidphe Sove e

anplitude-velocity relationship to both time-on-tagk and change of state

effectns, The study involved participants for four one-=hour experimental

o ez
gy — -

scosions, During esch poosion, subjects read from Haley's Roots and after

s S o s

45 min, of reading werev required to answer questions regarding the text they

had read. In sessions 2, 3, and L they were required to drink a sufficilent
quantity of slcoholic beverage to bring BAC level to 0, .35, or .70 mgn¥.
o Order of level of BAC uved was rundomized ovor sessions. Eye movement date

from an early, middle and fina) segment of reading vere analysed.




—g—

T

o

Contrect FL9260-79-C~0089/15

The correlation between sncé;do amplitude and velocity generally averaged

atove 0,T0. Under conditions of inebriation, the slope of the regression line

ia significantly reduced (p ¢ .000%).
(p €.002). We also found the coefficlient of correlation (arc sine tranaformed) .

is significantly reduced by both alcohol (p £.002) and time on task (p ¢.028).

A similer effect is found for time on task

The sadvantages of utilizing the correlation between wmplitude and velocity

over amplitude, duration, or peak veloaity alone are twofold. Change in

amplitude might reflect changing cognitive processes or strategy of the observer

as well as change in stete. The obsarver may simply decide to search a restricted

area’ of the display. Interpretation of the relationship between smplitude and

velocity is leas ambliguous. The second sdvantage is that the measure is ideal for

determining deviations from the alert state. A relatively simple system could be de-

veloped which calculates the regression equation under conditions of optimal slert-
ness and then compares successive dats points to that equation and determines the

number of saocede velocities falling significantly below the predicted veloaity.

6. Utility of eye movement messures.

We huve, in previous research, consistently noted that the oculomotor

measures outlined above are affected by variables such ae attentiveness and

slertnens,

stateu, perhaps more adequately then direct measures of performance outoome. One

superiority of oculomotor parameters is that they are sensitive to momentary

changes (lupses, drop-outs), as well as tonic chenges in state. Further, cculomotor

measures, unlike outcome measures, can provide evidence of change of state in the

absence of response to specific stimuli., A chenge in blihk duration can be used to

{dentify declining alertness though the subject is merely watching, responding te ne

speaific stimulus, Outcome memaures can be collected only vhen specific response to

specific stimul!l is made & sufficlent numder of times to yleld relisble error rates,
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We believe that they can be used effectively to identify varistions in such
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£ Since operation of complex instrumentation involves periods of scanning and anti- !

¢cipation, measurement of eye movement parameters which can be used to assess change

IR

‘ of state during these periods, is more useful than measures of performance outcomes,

| Thizd, performance measures are, of necessity, available only after-the-fact. 1In sn

operational setting, it would bs of obviocus utility to predict performance decrements H

before they actually occur. We believe that ogulomotor indices of state will be pre- ;
dictive of performance degradation. Finully, it is our bvelief that defining periods ]

during which cne can expect decrements in performence on the baais of the proposed

T T ey

| oculer neasures may be o sensitive and useful approach since such messures can be ;

obtained under operational as well aa laboratory conditions.,

Although all of the messures described above could be utiliced as indexing veri- %

' . ables, wa have elected to concentrate out initlael effort on the blink and dlink-

i

' : rolated measures. The reasons for thim are primarily pregmatic., First, data reduction!
]

routines for the detailed kind of analysis raquired in the present research could be ]

j readily developed from exist.ng software. Second, eyeblinks ocecur in ﬂll situations,
and selection of aspects of blinking as the primary oculomotor measure allowved 5rcltor;
flexibility in the selection of an appropriate task. An immediate concentration on g
aspects of succadic motion would have required a task, the successful performance of g

1 which demanded horizontal scanning. Buch tasks are contemplated and subsequent reuouré

} will consequently include exaumination of all the messures detailed above. The prelenté
:
i

1 report, hovever, is restricted to conslderation of blink paramaters as related to tunki

performance.

C. [Ereqtionsting Kesciion Timg

As ptated earlier, our major objective is to identify changes ¢f state and t€

SRR SUTT R

determine how they affect components of task performance, In the previous section

2 e o A

ve documented how parameters of recorded eye movements cun bde used to identify ITRE

C ket

changes in state. In this section we will deacride how we go adbout the process of J
distinguishing decision making and motor eompdnanba in reaction time tasks involving ;

visual stimuli and manual responses. Fractionating resction time (RT) is useful in
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assessing whether reduced elertness differentially affects the time it takes to

meke decisions based on visual informstion and the time it takes to execute those

! deciasions, once made,
In severul previous studies we have fractionated RT to visual stimull using

s series of tasks in which & primarily perooﬁtunl-cogbitive and a primarily motor

A B Vet 17, o i T ey
e

remponge could be meapured. In thess studies subJects were instructed to make an

appropriste (choice~) reaction response es rapidly as possible following stimulus
onset, and to return to the starting position immedistely after stimulus termina- 3

tion. Beveral components of the response were abstracted on each trial. Decigion

! time, the perceptual-cognitive component of RT, was the time butween light onset

(or affaet) acd b.tton rolease. Transit time, the motor component of RT, was the

time between contact raolease and contect of the next switch, i.e., the time it %
Decinion and transit time ;

e e —

i

T et -

L e

took to move the finger from one button to the next.

components were measursd for both forward movement from the start to target ponitions
There were thus measuros

! ' and for return movements from target to start positions.

| .
' of RT under four conditions: decinion time forward (DTF), transit time forward

(TTR), decision time return (DIR), and transit time return (TTR).

TR
TR PWTICTI SPI

To provide checks on the validity of our measure of perceptual and motor

components of RT, we havo: a) manipulated the complexity of a visuo-spatial task

el R e et it

Our ressoning was that if

and 1) required both left und right hand responses.
decinion and transit time reflect prrceptusl-cognitive and motor functions,
respectively, increasing the complexity of the decision about which hand to move in

rooponse to a specific light should affect decision time, dut have minimel effects

on transit time. Becond, a fester left hand response was anticipated for the

perceptual (DTF) oompénant of RT becuuse there is & demonstrated right hemisphere

i DIV S

adventage for visual peracption taske und becuuse the right hemiaphere controls :

fine motor responsar on the left nside of the body, A faster right hand response wné

i

f
4
i
i

oxpected for traneit time, the motor cormponent of RT, beocause faster motor responuse.

iv gonorally sppcciated with moving the dominant or preferred hand.
P { .
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We also entertained different expectetions for the forward and return move-
ments. Instructiona regarding stimulus-response contingencies wers manipulated
o that the decisions required preparatory to the forward movement were more com-
plex than those required prior to the return movement. Before meking the forward
movement the subjeat had, in some conditions, to decide which hand to move, depend-
ing on which light was illuminated; in return movements the subject had invarisbly
to return whichever hand was away from the stert position back to that position.
DTF was, then, a measure of more complex perceptusl-cognitive response than DTR.
Tesk complexity was expected to affect DTF more than DTR., No asuch differential
effect of task complexity was expected for TIF and TTR.

The results of several experiments (Stern, Oster & Newport, 1979, 1980)
generally confirm that our measures of decision time and transit time do reflect
perceptunl~cognitive and motor components of RT to visually presented atimuli,
First, decision time was generally more than twice as long as transit time, as
would be expected of the time necessary to arrive at » decision as compared to
the time necessary to enact that decision (motor time). Second, us expected,
task complexity increased decinion time aspects of DTF but had comparatively
minimal effects on transit time and DTR. Task complexity accounted for L5% of
the varimnce in DTF, as compared to 5% for DTR, and 1% for both TTF and TTR.
Third, there was a eignificant hund by decision vs. transit time interaction.
Devlsion times were more rapid with the left hand response and transit times vere
faster for right hand responses. However, this repult vas significant only for
the forvard movement, i.,e., DIF and TIF.

III. RESEARCH CONDUCTED

The completed research was conducted in four phases. The first phasa in-
volved the seleation of a general version of a visual information-processing tauk
and the development of a hardware/software system for task presentation., The

second step was a preliminary study compering the effectivenvss of several
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variations of the task, evaluating casulomotor chenges, performance variation, and
subject's subjeative report. In phase three a formal study was oonducted, The
final phase involved the reduction of the scquired data. Conoccmmitant with this
offort, software development of an analysis éystem for saccade amplitude-velogity
measures ocontinued. Further, a feasibility atudy was conducted t0 assese the
possihle development of a portable microcomputer system for field measurement of
ooulomotor parameters.

A, Tagk Scleotion and Software Development

Minimal requirements for an experimental task were that it: 1) yleld
féequent measures of performance adequacy; 2) be primarily visual in nature; 3)
provide oculomotor measures; and 4 ) be subjest to fatigus, or fatigue-like,
state changes. It was further desirable that the task: 5) correspond, at least
theoretically to real-life field situations; 6) involve both memory and decision-
making in iuformation processing; and 7) not require extenaive periods of truining.
We desigrned an information-processing reaction-time task which satiefied
most of the above oriterlia. A continuing .sequence of alphabetioal stimulil were
prosonted on & screen., Each sbtimulus letter occasioned a response. The aubject
was required to compare the letter with the previously prgsented letter, make some
categorical decision based on the relationship between tho two letters and perform
8 clioloe-reaction-task response based on that decision. Thie constitutes a fre-
quently ellcited behavioral response ylelding performance indicants based doth
on error measures and on measures of fractionated RT. It 1s a visual taek requiring
memory for previous stimull as well ae a decision regarding the ocurrent stimulus.
Clearly, there ere a large number of possible decision rules which ocould be
based on the sequential relationship between letters. The program developed to
centrol the experimental sesalons was built to incorporate several of these

possibilities. The verdationa included were: CAUE, upper ve, lower;
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F._
E : il .
E- alphabetical SEQUENGE, sequential letters eithar immedistely adjacent in the

alphabet or not; and CATEQORY, vowel or ccnsonant. The latter two ocould be com-

’ ; bined with the first to generate more diffioult tasks,
The basic hardware gonsisted of a PDP-li/AO computer with itw assocoiated .

e

o peripherals and "in-house" constructed speclal devices, Software and hardware

development apecific to this research progressed in an integrated feshion. On
; entering the experimental program (NUALPH), the operator seleocted the task
parametern, At initialization the value of the "previous stimulus was set to

the upper~case latter "A", the Interstimulus interval counter was set to 3 sce,

A T SN Yoo

and the olock started st a 10 maso tiok interval., For the firet, and esah sub=-

! sequent trial, the progrem then progressed through a series of onlls to &

i rendom number generptor routine, If, for example, the task variation, CASE, had

been solected, & random letter wae plcked, than a random probabllity velue wae 3

!i selected, If thic value exoeeded that speocified by the operetor as the percent
|

of ogoasions on which case should change, then the case of the randomly selected
letter was made the same as that of the previously presented letter., Otherwise,
the oane was altered. Similar procedures were followed for the other task

varlations, After the generation of the charactier, the random number generator :
wab again addressed, this time to seleot a stimulus duration from a rectangular

~——d . T

distrivution of pussidle durutions within limits set by DATA statements in the

. program. The X and Y ccordinates of the soreen location for the next stimulus

wre determined in a similar menner. The program then locped until the conclusion

e

of the interstimulus interval,
At that time the ASCII code of the generated signal was transmitted via a

e -

R8232 interfuce 1o & Magnavox plasmes display terminal located in the nearby experi-

mental room. A plosma terminal was selected rather than a traditionel display

scope bocause it provides more accurate control of the exact time of stimulue

S BN 0 Lt om S

osourrance. The zero porsietenve of the image on the type of display further
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allows accurate determination of latency of the response to stimulue offset.
Three additional events ocourred goinscident with stimulus transmission. 1)_

Latenoy and interval times were reset, 2) The ASCII code for sctual charaster

presented was stored in an array for subsequent listing. 3) A coded indicatien of
stimulus etatus (In or out of SEQUENCE, change in CASE, end/or ghenge of CATEGORY )
was placed.on the digital output lines of the computer. The digital signal was
used to activate a telephone frequency encoder unit which generated thoae tones
sorreaponding to the digitel asignal. These frequency encoded numbers were then

recorded on a standard audio channel of a tape recorder to be used in subsequent

off-line dsta analyses.
The program then randomly selected the duration of the next interstimulus

interval and entered a wait loop until the conclusion of the stimulus duration

interval., At that time ths sorean was erased, interval and latency counters reset,

and the digital output lines cleared. The program looped through this entire

procedure for an operator-selected number of trials and then printed the mscum-

ulated data for that trial block on a line printer,
Cholice responses were recorded from & three poaition touch pad panel aituated

in front of the display terminal (sec Figure 2). A plece of conductive foam was

attached both to the subject's wrist and to the grounding oircuit of the response

panel such that when the subject touched any of the response pads a cirouit wos
completed, The punel was wired 8o that any change in state (i.e., either making
or breaking contact with a touch pad) generated en interrupt signel on the digital i

input lines to the computer. Separate bite on the digitel lines correasponded to

each of the individual touch pads. The response panel aleso ouptut a d.o. voltage,

i
the level of whioh is proportional to the numerical code of the touch pad contaated. {

Thio d.¢. signol was fed directly to the tape recorder. ;

13
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stimulus 8ignal
\
i :
{ I Raesponse Signal
I |
|
| 1
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Figure 2. Task Apparatus. The equipment conslsts of a) a video monitor, a touch-
pad response panel consisting of a proximal "home" pad and two distal oholce pads
for the primary task., The lower portion of the figure schematiocally illustrates
the four RT components of the primary task; b) DTF, time between stimulus onset
and relesse of the home pad; cg TIF, time the finger is off{ the key; 4) DIR, time
between stimulus offeet and cholice pad irlease; and e) (TR, movement time from

choice to home pad,
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On receipt of a digital input, the program executed a eoftware interrupt.

The numerical code for the response and the contents of the latency ssunter were

This Information was thue ineluded in the printout

moved into the print arrey.

e —

after each trial bdlock.
The complete Instrumentation set-up, illustrated in figure 3, included & dual

eye movement amplifier., These circuits amplified the electrovoulographic signals

(plcked up by appropriamtely located Beckman blopotential electrodes) prior to

transmitting to the tape recorder., Horizontal and verticsl FOG were recorded

e — e e

separately.
The NUALPH program generated stimuli and monitored the bvehavioral responss.

Reaction-time measures (both time and error) were immedlately avallable from the

{ real~time, on-line analysis, A second program was developed for off-line analysis

nl . of the tape recorded data, This reduction program converted four tape recorded

Suecesgive 10 second {rames of

| channels of data from enalogue to dipital format.
Reduation

They

' this data were displayed in graphic form at the computer terminal.

routines for three of these ohannels were incorporated into the progrem.

were: 1) stimulus; 2) cholce response; and 3) vertical EOG., The vertical EOG

way analyzed for the occcurrence of blinks and cheracteristics of each dblink, time

in section II,B.1 of this report) were abstracted.

B. Preliminary Studies
Elght subjects, primarily laboratory personnel, were run'for varying

|

t

.'

!

4

} . of oocurrence, amplitude, balf-cloaure duration, end window duration (as defined
\‘

time periocde to assess the effectiveness of the task, All tesk varlations and

several complex decision rules involving combinatiions of task variationa were

It rapidly became aepparent that the more complex rules

' employed. The f'irst several subjest runs were analyzed only with respect to
the performance measure.

were 400 diffiocult to master. Using e complex rule, sush est (prees left if

case has changed and the letter is not in alphabetical sequence ) gg.(it the case
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is the same and the letter is in sequence) otherwise press right, produced

very unstable performance. Error rates were high and deoision time excesaively

M _ variable. Asymptotic performance levels were not obtained within 1-1.5 hours.

i ' On the other hand, simple categorical rules (e.g. press right for upper case and
. left for lower case) elioited minimal involvement in the task. Although subjects
rapidly became bored there was no apparent falling-off in task horformanoo.

Two subjects were run using the SEQUENCE task, and two uaing CASE with a change
rule for pericds of 1 to 1.5 hours. These taska were readily learned; asymptotio
levels of performance wers cbtained within 80-100 trials, Choice errors declined
_ to about 5% and remained stable. Similarly, median decision time, based on
] succesaive 20-trial blooks, salthough highly varisble soross subjects, was very
stable for each individual subject,

Blink date for these four subjects were analyzed. Three of the four subjeata
showed incresses in median closure duration and window duration from early to late

! in a one-hour session, There were significant variations in both blink frequency

i . e e L i o T Vo

and the proportionate ccourrence of long closure duration blinks aoross the

i
i session. Aas figure 4 indiocatea, many of the eyeblinks were olosely assooluted with
! the events of the performance tesk.

; H ' Temporal parameters of the tesk were also evaluated. The values ultimately

b ' selected were a 1.50-3.00 second range for stimulus duration and a 2.00-6.00 second

e Y

range for interstimulus interval. This provided a 6.23 second average trial dura-
tion, or sbout ten sets of performence measures for each minute on the task. The

variability ingured continued visual attention to the stimulus displey. This

pace seemed to provide the maximum number of performance measures without producing
e speed-induced behavioral break-down. These particular values are approximately

the same as those we have found to be most useful in cholce-reaction tasks using

other typeas of visual etimuldl, : :

e R RN i
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Pigure 4, Eveblink and Motor-response Coordination, Representative polygraph §
, tracings from minute 15 (early) and minute 55 (late) of the information procassing,
! reaction time task, In each instance the top tracing indicates stimulus occurrence,
4 tha middle tracing shows the manual responses, and the lower tracing containa the
3 vertical EOGC signal, Many of the blinks are closely associated with the motor
3 4 response. The circled blinks are those 11lustrated in larger scale in Figure 1 |
(p. ° ). The response channel is shown in greater detail in Figure2 (p.22). j
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.

C. Experiment 1: Methods and procedure

Data were collested from 16 experimental subjects., All subjeots were

recruited from the Washington University community; meny of them were studenta,

There were & males and 8 females, all between 19 and 29 years of age. Four males

Da

ey

and four females were sssigned to each of two conditions: CASE and SEQUENCE,

_ Subjects were paid.a nominal amount in recognition of thelr partioipation. Each

[ _ nibjeot voluntarily signed a standard information and aocnsent form prior to the

; : experimental session, All procedures and requirements of Air Foroe and the National
Institutea of Health pertaining to subject's rights, protection, and safety, were

X : : satisfied.

Each experimental run began with an explanaticn and demonstration of the task.

Beokman miniature bicpotential electrodes were applied., Vertical electrodes were

positioned equidistant from and directly above and below the center of the right

oo o

eye. Horizontal electrodes were mounted in the horigontal plans through the

| center of the eyes and approximately 1 om beyond each outer canthus., A fifth eleo-

trode, serving as ground, was applied to the center of the subject'e forehead, The

skin at each electrode site waa oleansed with aloohol and lightly abraided.

3 Standard Beckmar slectrode gel and masks were used. Subjects were given written

P S g P

coples of the instructions for the task variation to be read during the initial

LTI

) } % set-up. (Examples of the instructions used sre included in Appendix A,) After all

questions had been answered and the set-up was complete, there was a period of {rom
2 to 10 minut;a during which the operator insured that all ‘quipmnnt was functional
i and that the tape recorded signals were adequats.

' The first 100 triale were presented in five blocks of 20 trials easch. These

were designated as training and practice trials. A few subjects gave indicaticn,

by excessive errors, that they hn& not (fully understood the instructions, For these

h \ __.A‘_‘...f L Q
U indid 1R -l A TP 2 o ke b > b ,”J""'""“"' ,,w,\‘ et T B D
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Ty

! subjects, the instructions were repeated between trial blocks, as neocessary.

3 At least 8 blocks of 50 trials (for scme subjects 2 or 3 blooks of 200 trials)
J were then sdminlatersd. The total exparimental session lasted 1.5-2 hours.

‘ , Astusl time spent performing the task exceeded 1 hour in every instance.

i .> The program NUALPH was used. Change proportion for CASE was set to 0%,

' Similarly, the proportion of stimuli not in alphebetical order in the SEQUENCE
condition was 50%., The texporal parametera for each trial were those selected

~ in the preliminsry study: 1.3-3.0 seconds stimulus duration and 2,.0-6,0 inter-
= stimuwlue interval.

) D, Experiment 1: Reduction and results

i Initial analysis of performance measures was based on the abatraction

I o T, sy

3 of responss information from the on~line record generated by NUALPH, Three
2.pinute segments of the record from training and practice triale (designated
f' Practice I, II, and III) were selected for examinaticn. These segments were

| approximately evenly distributed across the available record for each subjeot.
Three S-minute segmentas were also gelected from the long runs, These segmenta
designated Early, Middle, and Late), were about minutes 2.7, 33.38, and 62.67

of the long run. Where possidble and:necessary the exaot time period was shifted

forward or back by 1 or 2 minutes 80 as to be entirely within a single block,

W PR PR T T
o SRR )

Where thet was not possibvle, the pericd betwsen dlocks and encompassing the firet

fow trials of the blook which began in the middle of the segment were exoluded
from analysis,

Corresponding segments of the recorded data wers submitted to offline analysis.
This analysie provided both performance and oyubiink deta and also allowsd examine
stion of the correspondence between the two sets of responses. On occasion, when

very detailed analysis was required, portions of the previously selected segments ;

or other portions of the dats were abstracted.

ta L b
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1. Performance measures.

H _ Two general types of errors were identified, Dedaision errors

. are those in which the subject moved to the right key when he should have moved

to the left, or vice versa. A broader errer cstegory, finger timing errors (FT%),
oonsieted of almost all other inappropriate or inacourate responses, It ccnelsted
primarily of 1) responses, such as intertrial tapping or antiocipatory respending,
whioh resulted in the subject having his finger removed from the homd pad at the

time of stimulus onset and 2) antiocipatory returns, either partisl or completed,
from the response pad to the home pad., As figure 2 indidates, the propertion of

. trials on which errors oaccurred decreased throughout practice. This was especially
true for declalon errora. A portion of the inoreased acauracy may have been gained

at the expense of speed, There is, apparent in figura 6, oversll, s small (non-

significant) inorease in response time. Decision Time Return, however, shows a
3 significant decresse., This component reflects the reletively simple decision that
stimulue offset has ocourred (i.e, it is in essence simple, rather than cholce,
resction time). The combined results from these two sets of measures indicate

thet lesrning is progressing throughout the practice trials. This learning involves,

in part, a possible speed-sccuracy tradeoff to optimize performance. That learning

is largely completed at the conolusicn of the prectice runs {s indicated by the
sbasnce of any difference in aither time-to-respond or errors between practice III
and the esarly porticn of the axtended trial rune,

Median values for the response time measure did not vary throughout the ex«

57 N i o e So o - .
i ool T -

{ ‘ - tended runa, Error rates, howaver, inoreased from the early pertion to later por-

tions of the task., TIE inoreased firvet followed by & later incresse in decilsion

errors. The inorease in errors, shown in figure 7, corresponds to sudjlect's sube -i

Jeotive reports of accumulating ruti¢u§, boredom, and periodio inattentiveness.
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2., [Eysblink measures

| As predicted, the parameters of the blink proved sensitive to

? . time-on-task and hence to fatigue or fatigue~like state changes. The coneistent
inorease in blink rate across the entire experimental session was most dramatia.
The initial average of 15,7 blinks/minute is close to the rate (14) reported in the
literature as average. We have obeerved, in visusl tasks demending continual
attention (1.e, reading), dlink rates as low as 3-8 per minute. By comparison

the 26.2 blinks/minute average oihibitod by the end of the experimental sesaion

in the present experiment seeme very high. The steady increase in rate th;oughout
thc.oeaoion is illustrated in figure 8,

| Both closure duration meacures, half amplitude closure and 20% window olosure,

? domonstrated & similar paitern. Each of these measures was analyzed in two ways.

b Firet, the median duration was caloulated for each subjeot during each of the six time j
It asegments, We expected this measure to reflect tonlc changes in alertnass, For |
the second cnalysis, we determined the proportien of dlink which would be charmster-

1zed es exhibiting long durations. On the basls of the preliminary study, we selected

150 msec as the orditerion for a long half-clooure duration and 100 msoc as tho

3,  Eyeblink and manual response coordination

E
!
|
}
N cutoff for long window durations. These data are presented in figures 9 and 10.

. . 'The correspondence betwsen blinks and the choice resstion task, noted

in the preliminary studles, wes examined more closely. Thirteen of the 16 subjeota
had sufficiently high blink rate to yleld meaningful proportionate date with

5 ‘ restricted segments of the session. For asch of these 13, comparadble 50 dlink:

’ : samples were abeatracted from practioe II and the early and middle portions of the
extended runs. The rolationship between time of blink initiation and both stimulus I

?{ . ' and response evente was determined,

?, In the i{nitial determination, dblinks falling between stimulus onset and 1 second |
%f? ; ) after stimulus offset were designaoted as contingent. This categorization acoounted ﬁ
S Ol for over 70% of all blinke (ses figure 11),
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A 250 msec window was then conutructcd.around each task event, Sixty perocnt
. of the contingent blinks fell with 250 meec of a response. The percenteps within
o : this window steadily inoreased from 55% to 65% acroes the three time periods anmplid.

In contrast, slightly less than 25% of the acntingent dlinks fell within a 250
meec window around the stimulua eventa. .
When the tightness of thq time-looking 1s examined, it beocomes clear that the:
blinks asaociated with responding are dure tightly coupled. As figurs 12 lh@Wl.l '
e high proportion of the blinks asscolated With o response were initiated within
100 msec of the response. The same wes not true for etimulus mascolated blinkc,

4. Eyeblink and performance messure relat ionehiga

We examined perf'ormance on trials surrounding triale on which 1on¢

fe . [T
et oSt i o s

? oloaure duration blinks ccourred. Such a trial was fdentified aa a oritical triel,

X One trial preceeding each oritical 4rial and two trials following. it were-. cbatrnoted.

o T i b Trveia bk

Combining these four trial types: and d locking separately st the data for &, M,

o e e

I e e T et S e Bl T

&

Rl e e L S e -

g! end L portions of each subjact's run produced the data presented {n figure 13,
| DIF and TTR seemed to vary little from segment medisns, TTF and DIF, however,
- tended to be significantly {sster than segment medians, Examination of individual
N 1 trial-types indicates that this effect is primarily due to repid rolpondiﬁg on the

L

C triale following the aritical trial, There waas also o slight, though not signif-
4

; } . icant tendency for DTF to be longer than predicted on oritical triels.

Analyels of errors was performed on the individual selected trial types ool-

lapued across segments. FTE were more frequent on trials immedistely following ;

oritlcal trials and less frequent on the second trial following oritical trials,

These FTE included only anticipatory return responses. Decilion aTrOrs weres eleve’
\1

‘1 ated on the oritiocal triele and to a lesser extent on the trial immediately preonodinsw

it (see figure 14).
It 1is apperent from these data that alterations in dlink parametsxs,
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i.e., closure duration, is associated with alterations in performance ade-

' Quacy.
E, Related afforts and studies,
Coincident with the above desaribed experimental work, we pursued soft-

T S Y T T T 00

ware and system developement for study of ssccadic cyemovements, Our sacoade ®
identification program, whioh had cxi;tcd as & stand-alone routine, hes deen
rewritten to interface with the off-line reduction program. Horisontal EOQ
oan be input as a fourth data channel. Sacoades are identified and various

Y A Y e vy e

; " parameters, duration, amplitude, peak velooity, eto., abstracted for each.

Ry

This data can be printed out and/or stored on disk for further analysis. 2
Additional snalysis and plotting programs have beon written to abatrast end ;
display in detail the saccade amplitude-velocity relationahip.

We aleo oonducted s feasibility study to assess the potential utility :
L of using & microcomputer as a portabla rctl-tim‘ system for field use involving }

T P

oculomoter measures, A summary of that study is inocluded es Appendix B. We

have initiated the developement of a prototype system and software develope-

ment is in progress.

IV, SUMMARY a
In the course of the contract yeur an experimental task suited to

the study of worklcad factors in the present context has bteen developed,

Eyodlink olosure duration was shown 4o vary in parallel with measures of
performance. In partioular, performance on trials immediately :around trials 3
on wiich long closure duration vlinks oooﬁrrod demonstrated variations in

performence. The coulomoter measures sxamined affectively reflected both

tonic and phasic alterations in state.
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TASK _TNUTRUCTIONS: CASE

You are to do the following taak:
Letters will appear in the middle of this soreen one at a time. You ure to compare euch

letter to tho one last seen and make a decision. The letters can be compared in several
ways, For this task you are to compare the letters by oase. Some are small (lewer cane)

i .
{ letters; some are capitals (upper case), You are to degide for each letter whothar or

8o, for example, & lower case "g" following a lower case "a' would be judged "asame
case", A capital "R" following the small 'g" would be judged."different cnse", and

se on for each letter presented,

e

R o —

You will record each decision with your index finger on this touch panel.

! The bottom square is '"mome".  Your finger rests there between responses.

You do not respond to the first letter presented in a series, because you do not yet have
a letter with which to compare it., Tor each letter after that, you rolpond in tho

T i v g gt e g

? following ways :
: If the letter is the same case as the last letter you saw, quiokly move your finger to the
Then

? : top right sguare. Leave your finger there until the letter goes off the sareen.
E ' move it back to "home' as quickly as you can and watch for the next letter.
. If the letter is ot the same case as the last letter you saw, touch the $ov left square.

WVhen the letter goes off, return "homs" quickly and watsh for the next letter. .

S akt T et et Kot apianlis s

L . Remember: ‘
Rightt same case 3 1
Leftt different case

Hold finger on your respotise until the letter goes cff; then return "home",

Try to move with accuracy and speed,
Here are some practice trimlst esod)

(Any questions? .4ee

1 - : :
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K. INSTRUGTIONS: _SEQUENGE . ,
/sou are to do the following task: . : %
Letters will appear in the middle of this ascreen one at a time. You are to compure each i
letter to the one last seen and make a decision. The letters can be compared in seversl
ways. For this tosk you are to compare the letters by alphabatical order (gequence). The "

lettera will be presented cithor :\noqucnco or out of sequence, You are to decido for ogch L
in alphabetical seauonce the last letter vou saw, 4

8o, for example, "B" following "A" would be judged "in sequence'. An "S" following the »E
"B" would be judged "eut of sequence", and so on for each letter presented. (When "A"
follows "2 consider it "in lnquonco".) . .

R

You will record each decision with your 1ndcx finger on this touch panel,

The bottom aquare ia "home". Your finger rests there between rclponnou;

You do not respond to the firat letter presented in a series because you do not yet have _
a letter with whioh to oomparo it. Tor each letter after that, you respond in the ;
" following way! '

If the letter is in alphabetical sequence with the last letter you saw, quiekly'movo your
finger to the ¢ top right square. Leave you finger there until the letter Koes off the
screen. Then move it bagk "home" as quickly as you can and watch for thn next letter,

If the letter is . pot in alphabetical sequence with the last letter you saw, touch the
top left square., When the letter goea off, return "home" quickly and wateh for the
next lotter, ' :

Remember:
nax
Righti in sequence
Leftt out of sequence
Hold your finger on your response until the letter goes offy then return "home",
Try to move with accuracy and speed, .
(Any questiona? cires Here are some practice trialst ... )
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Introduction to the Design Approach
of & 'Micrbco_mputcr-suud System

L

Introduction | ' . o , _

Designing a microprocassqr/microcomputer-basqa instrument 1s &

The des’gner 1s faced with a multitude of alternatives

complex task.
I will attempt

from which a "best" chofce may not be easily definable.
to delineate thece alternatives into thrae basic categories, however,
there are many design approaches which do not proper!y fit into thase

categories. The d1:c1ssion will be primcri1y from a research, as oppolod

to an 1ndustr1a1 point of view. .
Th| first thing a Yaboratory or research group must do {s to define

their {ntended extent of involvement in the microcomputer world. The

range on {nvolvement miﬁht be one-half a man-year and up. - It would be

unrealistic to expect to incorporate & workable microcomputer into a

research project in less than six months, and this would only pc possible
On the other hand,

using a 1imited variety of ganeral purhoso systems.
In fact, what might

thare may be no foreseeable upper bound on 1nvolv0mont.

start out as a year's commitment could evolve into a majoer continuing

research involvement. Just &s easily, however, what starts out as a multi-

yoar effort could end up falling flat on its facn without the proper
insfght. The discul:1on which follows will hopefully add some 1ight to
“ the subject and pofnt out the major tradeoffs betwsen three design

approaches.

L -
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Todd Carpenter/2

migrocomputer design approaches

SR A. The genaral purpose uC system.
- E " A genaral purpose uG system 1s (] snlf-containtd. fully operational

WP YT o

computer, based around a specific microproccssor (uP), Examples of such .
systems would ba the TRS-80, Apple, PET, and g host of others, generally

_ svailable off-the-shelf at many locations. Thay are designed to run

;o programs, usually in BASIC, but often have the abj11ty'to be programmed

- in the particular uP's machine ¢ode. Many of these systems have very
1ngxpcn31vn software packages including such useful utilities as an
editor/assembler or disk operating system (DOS). A general purpose

system possessas very similar qual{ties to a min{-computer but {s genar-

WA e

: . a1ly slower and has less mass storage capacity.

g fl ' Although there may be other options available, these general purpose

| ‘systoms usually come with a standard keyboard and video terminal or
telavision interface. This Timits {nput/output (1/0) capabflities 4n
their off-the-shelf configuration, but with a variety of widely available
interfacas, they can gain most of the power of a minicomputar. A'gentrn1
purpose sy:tem usually comes with a slow, analog quality tape storage

‘ system wh1ch may suffice 1n many applfcations. Floppy disk systems are
generally Ava11ab1| and can make program dcvc!opmcnt considerably easier,
Finally, a very useful peripheral 1s 2 line printer which can be. simply

connected to and operated by the general purpose uc system,

8. .The dedicated function uC system or single board computer (SBC). !
The approach taken with an SBC {s that of minimal hardware investment é
i




{2 AR AR 2 et e < . . : [T
. < . e enmimte

TR

Lo | |
| _ _ - Todd Carpenter/3

j ) small, portable, and intelligent, an SBC mjght be a good approach. An

: __SBC can be buried inside of an instrument and.can operate as its brains,

\ ' Once built, though, 1t 1s usually rqstrictid to performing {ts one
appointed task forbvcr. A general purpose uc system cannot often be used

;
!

i .

E; j - and of dedicated computer operation.' If an 1n:trumont 13 desired to be
?

Ol L i ST — :

? for these applications bacause an 1nstrum|pt cannot be built up around ' -;
:  then, : |
é SBC's consist of a printed circuit board (PCB) and all components i
E ' neatly laid out and soldered onto the PCB. There are a wide variety of :
' | ; componants available on SBC's, performing different functions, but they ;
% i f a11 have the following minimums: uP, iy:tnm clock, RAM, ROM or ROM space, ;
: ! and some type of 1/0. They may alsplhavn any or all of the following:

real time clock, monitor in ROM, video or printer interface, analog input

= w1t 5

or output modules, or on-board keypads or alphanumeric diiplnys. Thare
is very 1ittle standardization 1n the computer industry, specifying what
components an SBC must have or what 1t must do. Therefore extreme cidt1on

must be exhibited in seleacting an SBC.
COIt is {mportant to understand that an SBC usda11y has no innate

' intel11gence. A1l of its smarts must come from the user. These computers

IR PSR W |

el A

“are designed to run programs usually in machine language, wh1chlmust be
designed, written, tusted and debugged by. the ﬁser.' Thase tasks may not

~ be at all easy to lccomp11fh wiﬁh the SBC a1onn.' The SBC should be
thought of primarily as the target of the ccmploth software and not 80

much as a tool for zoft@arn development,
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C.  The maximum efficiency uC lystem. | o , - - 3

Designing a maximum ufficicncy uC system requires probab1y tha

| Targest {nitial expenditure of funds but 1: the most versatile approach Jf

of the three. _ o ‘

What {s meant by max%mum efficiency is a computer which is specially
designed, chip by chip, to have exactly the necessary componcnts nnd no
others. This can usually only be accomplished 1in a custam design,

In order to be successful in this "from scratch" approach, a micro=
processor development system (MDS) bncohns a necessity. An MDS {s basically
s software support device which enables cne to develop prpgrami to run on
a uP-based instrument or computer. It allows about as much varsatility
as 13 possible for writing, assembling, testing, debugging, end storing
programs during development. One must keep in mind that 1t 1s a software
tool and will not solve all the hcrdwari‘prob1ems associated with designing
4 custom uc board. For hardware problems there erc':uch:th1ngs as logic
probes, logic analyzers, and oscilloscopes. .

An MDS is usua11y spcc1fic to a uP which means that the purchase of
an MDS may well restrict use to that same uP in future projects. If tha
choice is made wisely this should not cause a problem, becau;u manufacturers
are beginning to realfze that they must support all of the uP they are
selling. Some uP have looked promising at their éonccption But have
subsequently faded away; however, there are some industry standards which , f
will almost certainly be around for quite some iimo,to camo..with growing ‘

support. For instance, the industry leader, Intel, has on the order of
one=half of the uP market with {ts two main uP families, the 8080 and the
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8086, é and 16 bif procqssors,'raspeﬁt{v01y. One can be reasonably

] assured that they will both be Tong-11ived. Mbtoro1a {s strongly suppofting

;5 y; universities with the hopes of raising the next generation of nnq1nccrs

P ' and computer scientists with their crop of uP products. o
At any rate the {nvestment in an MDs.may be a very wise one if the

involvement in uC-fiq]d is judged to be a long one.

Lhoices and tradeoffs of the three approaches .
Based upon tha 1nitial discussion and the existence of One Thousand

Dollars ($1,000.00}, a general purpose system should be strongly considered
| ; as a starting point., It allows for easy training of personnel and supports
1 i simple "add-ons". A11 of the engineering has been done and A researcher

| f - can benﬁfit from the advantage of hobby market pricing--a rather rare

‘ . phenomenon {n research. Programming can be done {n BASIC and combined with

or replaced by machine language at the user's pace, With the existence of

real-time ¢locks, and versatile ana1bg 1/0 modules, a general purpose

system can be surprisingly powerful, | '
There may, however, be things that are simply not poss1b1c with a

general purpose system. It is not intended to be built into a dedicated

) device. It {s not intended to be portable (on a day-to-day basis). It
~ may not have exactly the right peripheral or "attachment". In these cases

AN o e e A AT e Tl o MR M e b

an SBC or custom-designed brard might be in order. Keep in mind, howaver,
that an $BC may not have 1ts own monitor and {s not programmed in BASIC,

EEICESSE W

and that a custom board w111 not have numerous available interface boards ‘

and peripherals. A custom board will require custom intarfaces.
‘ | 4

M R e Sy s ek e AR e s s s e o s
te

A\.q..-—vd NN { :
T m*.r.rr-"_mr.‘:_..mﬂmm_..m“.,‘am:mfm v mmmﬁgn'&"( i i N A S e et e




TR T

R e gy

e e

Ly —— r e gy e
A T R o e ]

Todd Carpenter/6

Considlr uC development costs. A general purpose system will
" probably cost upwar&s of Ona Thousand Dollars (31.060.00). This cost may
be a significant porcintaqo of the total development cost because the
system requires no tinkering. It can be brought into the lab, plugged .
in, and running programs fn an hour. o

With an SBC some means for developing programs becomes necessary.

The minimum requirement 1; to have an on=board monitor which allows load-
'ling and changing memory locations and executing programs. Programming this

way is a terribly tedious process and produces dubious results. Even '
with a fully operational program, fh. $8C must have ths appropriate 1/0
capabilities to carry on some meaningful task. An SBC, therefore, will
require many times the deve1dpment effort and cost of a general-purpose
system. SBC themselves can range 1n cost from $100 to $1,000, or mors,
depending on their performance characteristics. '

If on the order of Three Thousand Dollars ($3,000.00) were available
for equipment, an MDS 1n conjunction with & hand-picked (MDS-compatible)
$8C might be used. The SBC could supply the engfneerad and tested,
'appropriater configured components and the MDS could provide the necessary
software support, The result would be a workable combination of hardware
and software ending in a E§d1cated operational SBC and a free MDS ready
to take on the next project. The total cost would be the sum of the SBC,
a prorated percent of the MDS, and X number of man-hour dollars. In the
long run this 1s an extremely versatile and rnnsqnably cost-affective
lppréach. It should be prefaced, howaver, with some experienced staff of

flexible déad\ines.
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Surmary and recommendations

Deciding how much to {nvest in a ut system is dependent on interest,
present experienca, requiraments, and time constraints. Relative costs
_fust be placed on inftial investments, development time, and varintility.
The areas of software and hardware support must be carefully consid-
ered. E{ther a genaral purpose system or an MOS with an SBC, alleviate -
most of the hardware problems and let the user EackIn only the software,
'Deve1oping & uC system with an MDS or $BC alone requires expertise in
both hardware and software. -
My recommendation would be as follows.
For a laboratory with 11tt1| or no experience with ul's or'uP's. [
genera) purpose system should be examined cirofu11y for its abilities
and 1imitations. If the project requirements ara clear and the genaral
purpose system is adequate, then 1t should be utilized, If tha uC is to
be used 1n a dedicated environment, then an S3C may be the most-appropriate
choice. Software development will become the primary problem and some other
support equipment may be necessary for this. An $8C with an on-board

monftor would be a minimum requirement. If a custom design Qas abio1ut01y

il e A

necessar}. then an MDS might be required for axtensive software support,

| The MDS alone, however, Q6u1d probably not be sufficient for tackiing all
the hardware problems as well. The custom design approach 1s the most comp-
1icated of the thraa and requires a goéd deal of time and experience.




